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Abstract 
Thin films of WO3 were deposited on quartz substrates by the RF magnetron sputtering. Different 
annealing temperatures of 423, 473, 573 and 773 K were used for different films. The films were 
annealed under the ambient conditions. The influence of the annealing temperature on the structure and 
optical properties of the WO3 was studied. The surface morphology of the thin films was investigated by 
atomic force microscopy, which showed that the annealing temperature increases the surface crystallinity. 
Spectrometric measurements of transmittance were carried out in the wavelength range 190±3300 nm and 
the energy gap, Eg, has been evaluated.  
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1. Introduction 
The emission of different toxic gases such as CO2, H2, Benzene, Ammonia, and Methane from 
industry and automobiles, have been polluting our air. These gases have serious toxic effects on all living 
beings, especially humans. The damages caused by these gases increase the demand to control them in the 
atmosphere.  Solid state gas sensors are very promising in detecting the above mentioned gases, because 
they are low cost options for gas analyzers [1]. Tungsten Oxide (WO3, hereafter TO) has been of great 
interest in the last few years due to its promising electrical and optical applications for the gas sensing [2]. 
Its functional properties may be significantly enhanced by lowering the feature size to the nanoscale [3] 
by structuring film morphology and by improving crystallographic texture of the film grains [4, 5].  A 
variety of methods have been used to prepare TO thin films for different application as electrochromic 
(EC) and optical devices. TO films prepared by reactive sputtering technique can be used as a starting 
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substrate for nanostructural sensor. Depending on the deposition experimental conditions and techniques, 
TO films may present considerably different structural, optical and electrical behaviors. The main 
deposition parameters which can affect the properties of the TO film are: the substrate temperature, the 
sputtering gas pressure, flow rate and also, distance between target and substrate, to mention few. These 
parameters will affect the physical parameters of the TO film, as well as the posterior annealing 
temperature, such as: crystalline structure, and optical transmittance, TO cluster size, film density, 
UHIUDFWLYH LQGH[«HWF The object of the present work is to provide the optical and structural 
characterization of a new optical gas sensor material, TO films, prepared by reactive sputtering and 
posterior annealing. 
2.  Experimental Details  
2.1.  Preparation of Films 
The thin film structure was prepared on fused silica quartz 1mm-thickness substrate. The deposition of 
tungsten trioxide was performed by RF magnetron reactive sputtering using an ESM100 Edwards 
sputtering system. The sputtering atmosphere consisted of a mixture of Ar±O2 and its flow rate was 
controlled by separate gas flow meters to provide an Ar: O2 flow ratio of 1:1. The pressure in the 
deposition chamber was 5 x 10-3 mbar. A tungsten target of 99.99% purity was used. The power was set 
to 200 W. The substrate temperature was kept constant during film deposition at room temperature. These 
conditions of deposition allowed for obtaining WO3 films with a thickness up to 550 nm. These films 
were then annealed in ambient atmosphere for 2 h to different temperatures starting form 423 to 773 K.  
2.2.  Characterization Techniques  
The surface morphologies were examined by atomic force microscopy (AFM- Pico Plus 2500 de 
Molecular Imaging). X-ray powder diffraction (XRD) measurements were made using a Bruker-AXS D8-
'LVFRYHUGLIIUDFWRPHWHU7KHDQJXODU UDQJHZDVEHWZHHQDQG IRUșGDWDZDVFROOHFWHGZLWKDQ
DQJXODU VWHSVSHU VWHSDQGVDPSOH URWDWLRQ&X.ĮUDGLDWLRQZDVREWDLQHGZLWKCu X-ray tube 
operated at 40 kV and 40 mA. In order to identify the optical properties which can be suitable as a basis 
of optical answer for the sensor and its sensibility, we have evaluated its optical transmittance 
measurement. The optical transmittance has been measured at room temperature under ambient 
atmosphere with a Cary 500 Varian in the range of 300-3300 nm. For the NH3 gas sensing experiments, a 
home made Teflon gas chamber has been designed. The mounted samples are acting as a window, and a 
second window of fused silica is used to perform transmittance measurements. 
3. Results and Discussions  
3.1.  X-Ray Powder Diffraction   
We have investigated structural properties of WO3 by X-Ray powder diffraction (XRD) to identify the 
crystalline phase and degree of crystallinity and its possible phase modifications, due to the temperature 
of annealing. The XRD patterns are shown in fig. 1 (a). As it can be observed the crystalline phase is 
obtained when the temperature of annealing is as high as 773 K. The WO3 can crystallize in many 
polymorphs with various crystal structures [2]. The crystalline phase observed belongs to the monoclinic 
system with the space group P21/n, taking into account the presence of the peaks which can be identified 
using the ICDD 83-0950 pattern.  It can be pointed out that WO3 is amorphous in the temperature range 
from 423 to 573 K.  
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Fig 1. a) X-Ray powder diffraction patterns of WO3 thin films annealed at four different temperatures b) shows 
the AFM micrograph recorded on the sample annealed at 773 K  
3.2. Surface Morphological Analysis   
The surface and structural morphology of TO thin films were examined by AFM. It is well known that 
the sensitivity of the sensor media strongly depends on the grain dimension of the sensing material. The 
grain size of the WO3 was found to depend on the annealing temperature. The porous surface with small 
grain size is recommended for better gas sensitivity [6]. For sensing purposes, polycrystalline and small 
grains are advantages because they lead to films with high surface areas for the gas to interact with [7]. 
On the other, a free smooth surface is necessary to ensure optical detection. It is essentially 
inhomogeneous, and is made up of grains and voids. The average roughness measured is around 16 nm 
with a RMS value of 25 nm. The voids within the film structure provide direct conduits for oxygen and 
gas molecules to flow in from the environment. 
3.3. Optical characterization and gas sensing 
 In order to identify the optical properties which can be suitable as a basis of optical answer for the 
sensor and its sensibility, we have evaluated its optical transmittance under ambient atmosphere and NH3 
gas flow. For the gas sensing experiments, a home made Teflon gas chamber has been designed. The 
mounted samples are acting as a window, and a second window of fused silica is used to perform 
transmittance measurements. The gas (NH3, 100ppm) was passed through the cell at a constant flow rate 
of 100 Nml/min (normal millilitre per minute). We start the measurement by mounting the sample in the 
chamber and then we fix the chamber inside the spectrometer. We take the first measurement with 
synthetic air before starting the measurement we waited 5 minutes in order to remove the moisture inside 
the chamber. The NH3 gas flow was open and synthetic air was closed after waiting 5 minutes, in order to 
have a continuous flow of NH3 inside chamber; for measuring in presence of NH3. These steps are 
repeated once again the same way in order to check the reversibility of the sensor.  Figure 3a shows the 
transmittance curves. It is observed that the fundamental absorption edge is rather sharp, as expected for 
crystalline materials. The optical transmittance results show that the optical band-gap value seems to be 
decreasing with the increase of annealing temperature, as shown in the fig. 2a. This behavior is in 
agreement with the previously done work [8]. The reduction in the transmittance which also causes the 
shift in the optical band-gap is usually related to the oxygen deficiencies in the crystalline phase [8]. The 
(b) (a) 
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high quality of the films and good surface properties lead to interferences in the film, creating the 
observed small maxima and minima in the transmittance curves. 
In fig. 2b the transmittance of the sample, which had been annealed at 773 K, shows that by the effect 
of the ammonia gas there is a change in the transmittance measured. Certainly the adsorbed NH3 gas is 
affecting the transmittance of the WO3 thin film. As it is clear that the cut of the transmittance is moving 
towards the longer wavelength (i.e. decrease of the band gap energy) and WKHUH¶VD small decrease in the 
nominal value of the transmittance.  
 
 
 
 
 
 
 
 
Fig 2.  a) The spectral transmittance of WO3 thin films annealed at four different temperatures b) Transmittance 
measurements with the effect of NH3 gas on the samples annealed at 773 K. 
Conclusion 
We have investigated the optical and structural properties of the WO3 thin films with the thickness of 
550 nm, grown by RF sputtering. These films annealed at different temperatures shows amorphous and 
crystalline structure. The crystalline phase has been identified using XRD. The films annealed at the 
temperature 773 K are monoclinic and the films below temperature 773 K are amorphous. The obtained 
results of transmittance show that the transmittance decreases with the increase in annealing temperature. 
The decrease in the transmittance also causes the optical band-gap to shift to longer wavelength. The 
films show a reversible change of the optical transmittance in the presence of NH3 gas. 
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